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The magnetization reversal processes for L10-FePt001 particulate films before and after Ar ion
irradiation were experimentally investigated, and the size of the defect region 2r0 and the effective
demagnetization factor Neff were evaluated based on a phenomenological analysis. A large
coercivity Hc of 30.4 kOe, which originates from the particulate structure, drastically reduced after
ion irradiation. The phenomenological analysis showed the increase of 2r0 by irradiating Ar ions,
which clearly indicates that Hc is closely related with the size of 2r0. In addition, the FePt particulate
films show large Neff, which may arise from the large dipole interaction between particles and the
distribution of particle sizes and shapes. © 2009 American Institute of Physics.
DOI: 10.1063/1.3058615
I. INTRODUCTION
Huge coercivity Hc obtained in L10-FePt001 particu-
late films1 has greatly fascinated us since it is an essential
property for high performance permanent magnets and high
density magnetic recording media. Usually, FePt particulate
films are prepared at high substrate temperature using a
sputter-deposition technique. As the film morphology
changes from a continuous to a discontinuous state with de-
creasing the nominal FePt thickness, Hc drastically increases
from a few hundreds Oe to a few tens kOe even though most
of the particles are still large enough to have multiple domain
structure. Particulate films also show that the initial magne-
tization easily saturates at a much smaller magnetic field than
Hc, indicating a typical nucleation-type magnetization rever-
sal process.2 Therefore, the enhancement of Hc is attributable
mainly to the control of the nucleation for the reversed do-
mains. However, the details on the mechanism of reversed
domain nucleation are still unclear, e.g., the effect of the
structural defects and the distributions of the particle size and
shape on the mechanism of Hc.
Phenomenological analyses with micromagnetic model-
ing have been applied to a variety of magnetic materials to
understand the magnetization reversal process.3 A previous
paper4 reported the investigation of the nucleation-type mag-
netization reversal process for microfabricated
L10-FePt001 dot arrays using a phenomenological analysis
proposed by Kronmüller et al.5,6 The phenomenological
analysis allows us to evaluate the size of the defect region
2r0 for the nucleation of reversed domains and the effective
demagnetizing factor Neff. The particulate structure is one
of the magnetic nanostructures prepared by a bottom-up
technique whereas the microfabricated FePt dots are pre-
pared by a top-down technique.4,7 A comparison between the
results for FePt particulate films and for microfabricated
FePt dots will enable us to understand the difference of the
magnetization reversal process between magnetic nanostruc-
tures prepared by the bottom-up and the top-down tech-
niques.
In this study, the phenomenological analysis is applied to
the L10-FePt001 particulate films. The nucleation-type
magnetization reversal processes are investigated for the par-
ticulate films before and after Ar ion irradiation in order to
understand the effect of intentionally induced defects on the
magnetization process. 2r0 and Neff for the particulate films
are evaluated and compared with the those for the microfab-
ricated FePt 001 dots.
II. EXPERIMENTAL PROCEDURE
A FePt film with the nominal thickness of 25 nm was
directly grown on a MgO 001 single crystal substrate using
UHV-compatible sputtering. The substrate temperature dur-
ing the deposition was fixed at 630 °C, which led to the
islandlike film morphology. For the film with the intention-
ally induced defects, the film was irradiated by Ar ions for
15 s with the acceleration voltage of 300 V and the irradia-
tion angle of 30°. Magnetic properties were measured with a
superconducting quantum interference device SQUID mag-
netometer. The uniaxial magnetic anisotropy energy Ku
was determined from the area enclosed between the magne-
tization curves in the in-plane and out-of-plane directions
after correcting for the shape anisotropy 2Ms
2, where Ms
is saturation magnetization. The film morphology and mag-
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netic domain structures were observed by atomic force mi-
croscopy AFM and magnetic force microscopy MFM, re-
spectively.
III. EXPERIMENTAL RESULTS
Figures 1a and 1b show the AFM and MFM images
for the particulate film before Ar ion irradiation, respectively.
Using a consecutive scan, these two images were obtained in
the same region of the film. The MFM image corresponds to
the domain structure at the thermally demagnetized state.
The AFM image clearly indicates that the film consists of a
lot of FePt particles with various sizes and shapes, which is
similar with the results of a previous paper.1 The MFM ob-
servation shown in Fig. 1b reveals that the magnetic do-
main structure is a mazelike network. In order to make clear
the relationship between the morphology and the magnetic
domain, Fig. 1c shows the AFM image superimposed on
the corresponding MFM image AFM+MFM image. Each
particle includes several magnetic domains. Although the
particles are well separated from the neighbor particles as
shown in Fig. 1a, the mazelike pattern is continuous over
the particles. This implies that the strong magnetic interac-
tion exists between particles because the interparticle dis-
tance is small.
The magnetization curves with the initial magnetization
curves for the particulate films are shown in Fig. 2. Closed
and open circles denote the results for the films before and
after ion irradiation, respectively. The measurement starts
from the thermally demagnetized state, and the magnetic
field was applied perpendicularly to the film plane. Both ini-
tial magnetization curves for the particulate films before and
after Ar ion irradiation show steep increases and saturate at
lower magnetic fields than Hc, indicating that the magnetiza-
tion processes for both particulate films are of a nucleation
type. For the film before ion irradiation, a huge Hc of
30.4 kOe is obtained. After ion irradiation, Hc significantly
decreases from 30.4 to 21.5 kOe. Since the ion irradiation
intentionally induces structural defects, the reduction of Hc
arises from the increase of nucleation sites and/or the de-
crease of nucleation fields due to the reduction of Ku by
irradiating Ar ions.
In order to understand the more detailed mechanism of
the magnetization reversal process and the effect of the in-
tentionally induced structural defects, 2r0 and Neff are evalu-
ated for the films before and after ion irradiation using the
phenomenological analysis. The modified Hc by the phenom-
enological analysis is given by Hc=2Ku /Ms—NeffMs,
where =k.
5,6 Microstructural parameter  includes the
pinning or nucleation effect of the inhomogeneity of magne-
tocrystalline energy k and the effect of the misalignment
of grains . From the rocking curve of the x-ray diffrac-
tion measurement,  was obtained to be 0.98. k is given by
k=B /r0, where B is the domain wall width of FePt, i.e.,
4.5 nm. Since a linear relationship between Hc /4Ms and
Ku /2Ms
2 is obtained varying the measurement temperature,
r0 and Neff are estimated from the slope and the intercept of
the plot of Hc /4Ms vs Ku /2Ms
2 the detailed procedure
was shown in a previous paper4. The temperature depen-
dence of Ku, Ms, and Hc is shown in Fig. 3. Close and open
FIG. 1. Color online a AFM and b MFM images for the FePt particu-
late film. Both images were observed in the same region by one consecutive
scan. c AFM image superimposed on the MFM image.
FIG. 2. Color online Magnetization curves for the FePt particulate films
before and after Ar ion irradiation. Closed and open circles denote the re-
sults for the films before and after ion irradiation, respectively. The magnetic
field was applied in the perpendicular direction to the film plane. The initial
magnetization curves are also shown.
FIG. 3. Color online Temperature dependence of a uniaxial magnetic
anisotropy constant Ku, b saturation magnetization Ms, and c coercivity
Hc for the FePt particulate films before closed circles and after Ar ion
irradiation open circles.
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circles are the data for the particulate films before and after
ion irradiation, respectively. With increasing temperature
from 50 to 310 K, Ku, Ms, and Hc tend to decrease gradually
for both films. Using the results of temperature dependence
of Ku, Ms, and Hc, Fig. 4 shows the plots of Hc /4Ms vs
Ku /2Ms
2. Closed and open squares represent the experi-
mental data for the particulate films before and after ion ir-
radiation, respectively. The values of r0 are obtained to be
2.5 and 4.5 nm for the films before and after ion irradiation,
respectively. The increase of r0 after ion irradiation indicates
that ion irradiation definitely induces the structural defects. It
is also confirmed that the reduction of Hc is closely related
with the increase of r0. Note that even for the particulate film
before ion irradiation the phenomenological analysis indi-
cates the existence of the defect region. It has been reported
that nanosized-particles show the reduction of the magnetic
anisotropy at the surfaces of the particles,8 which may be a
reason for the existence of the defect region even before Ar
ion irradiation. The values of Neff are obtained to be 4
 1.00.2 and 4 0.50.6 for before and after ion
irradiation, respectively.
The values of Ku, Hc, 2r0, and Neff for the FePt particu-
late films are summarized in Table I. For comparison, those
values for the microfabricated FePt 001 dots with the di-
ameter of 0.25 m Ref. 4 and the Nd–Fe–B sintered
magnet6 are also shown. The FePt particulate films and the
FePt dots have the epitaxially grown film structures. On the
other hand, Nd–Fe–B is a polycrystalline bulk magnet. Com-
pared with the FePt dots, the particulate films show smaller
values of 2r0. For the FePt dots, the process of ion milling
caused the microfabrication damages in the dots, which is a
reason for the large 2r0. This means the bottom-up technique
allows us to prepare the FePt nanostructures with small 2r0,
which leads to the huge Hc. The value of Neff for the particu-
late film is larger than those of the microfabricated FePt dots,
rather comparable to the Nd–Fe–B sintered magnet. Neff is a
local demagnetizing factor, which is not simply determined
by the macroscopic shape of a specimen, including local ef-
fects of a nucleation site. Compared with the microfabricated
FePt dots, the particulate films have the large magnetostatic
interaction between particles because of small interparticle
distances, which is a similar situation to the NdFeB magnet
where the interaction between grains is large. The large mag-
netostatic interaction is a possible origin for the large local
demagnetizating factor since the microfabricated FePt dots
with a well-separated geometry show a quite small Neff. In
addition, the distribution of sizes and shapes is another pos-
sible reason for the large Neff. The sizes of some particles are
small enough to show magnetization rotation. For those par-
ticles, the values of Neff are expected to be larger than those
for the nucleation-type particles.
IV. SUMMARY
Ll0-FePt001 particulate films were prepared on a MgO
001 single crystal substrate, which consist of a lot of is-
landlike particles. The initial magnetization curves suggested
the nucleation-type magnetization reversal process. A large
Hc of 30.4 kOe obtained for the particulate film was reduced
by irradiating Ar ions. The phenomenological analysis
showed that 2r0 increased after Ar ion irradiation, which is in
agreement with the reduction of Hc due to the increase of
intentionally induced structural defects. The FePt particulate
films showed small 2r0 and large Neff compared with that for
the microfabricated FePt dots with a well-controlled geom-
etry. These indicate that the bottom-up technique reduces the
defect region and the strong magnetic interaction between
the particles leads to the increase of Neff.
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FIG. 4. Color online Hc /4Ms vs Ku /2Ms
2 for the FePt particulate films
before closed squares and after ion irradiation open squares. The dashed
lines show the least-squares fits.
TABLE I. Ku, Hc, 2r0, and Neff for the FePt particulate film before and after
ion irradiations. The values for the microfabricated FePt dots Ref. 4 and the











4.5 30.4 5 1.00.2
Particulate films
after irradiation
4.2 21.5 9 0.50.6
Microfabricated FePt dotsa 2.5 7.5 26 −0.050.02
Nd–Fe–B sintered magnetb 4.5 6.5 2.4 1.8
aReference 4.
bReference 6.
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